To determine the cut-off points of indices of obesity for detecting hypertension, dyslipidemia and diabetes mellitus in Japanese individuals. DESIGN: Cross-sectional study. SUBJECTS: A total of 2728 Japanese individuals (768 males and 1960 females, aged 20-79 y) who attended the Fukuoka Health Promotion Center, Japan for health check-up. MEASUREMENTS: Body mass index (BMI), waist circumference (WC) and waist-hip ratio (WHR) were measured. Percentage fat mass (%FM), trunk fat mass (FM trunk ) and trunk fat mass-leg fat mass ratio (FM trunk /FM legs ) were obtained by dual-energy X-ray absorptiometry (DXA). Cardiovascular risk factors were determined by blood pressure, serum lipids, fasting blood glucose and hemoglobin A 1C .
Introduction
Obesity is related to various disorders that increase the risk of cardiovascular disease, including hypertension, dyslipidemia and diabetes mellitus. 1 Most of the previous studies used variables obtained by anthropometry, such as body mass index (BMI), waist and hip circumference and waist-hip ratio (WHR), as indices of obesity. Although these parameters have obvious advantages of being easy to obtain, noninvasive and inexpensive, the appropriateness of regarding them as proxies of obesity, defined as a state of excess body fat accumulation, has been questioned. [2] [3] [4] The amount of body fat can be different at the same level of anthropometric values when subjects of different sexes, ages or races are compared. For example, compared with males, young subjects and Caucasians, values of percentage fat mass (%FM) are higher for women, old subjects and Asians for a given BMI, respectively. [5] [6] [7] [8] Dual-energy X-ray absorptiometry (DXA) is one of the recently developed methods that can measure the amount of body fat, 9 and this method is expected to be useful for studying the relation between obesity and cardiovascular risk factors. However, studies based on DXA data are still few, [10] [11] [12] [13] [14] especially those conducted on a large population. 15, 16 Race-specific characteristics of body composition imply that the relation between obesity and cardiovascular risk factors may also be different among races. The World Health Organization (WHO) has defined overweight as BMI 25 kg/m 2 and obesity as BMI 30 kg/m 2 .
1 WHO also suggested waist circumferences (WC) of 94 and 80 cm and WHRs of 1.0 and 0.85 as cut-off points for obesity for males and females, respectively. However, these cut-off points detect only a small proportion of the Japanese population to be obese 8 and they may not be appropriate for predicting cardiovascular risk factors. For Asians including the Japanese population, the prevalence of these risk factors has been reported to increase at lower levels of BMI, WC or WHR. 15, [17] [18] [19] [20] [21] In the present study, we determined and compared the cut-off points of indices of obesity for detecting cardiovascular risk factors in the Japanese individuals.
Methods

Subjects
The subjects voluntarily attended the Fukuoka Health Promotion Center in Fukuoka City, Japan for a health check-up between October 1995 and September 2000. The analysis included 2728 Japanese individual (768 males and 1960 females, aged 20-79 y), who visited the center for the first time and did not have a history of malignant disease. The study population is essentially the same as that in our previous report, 8 except that the data were collected for an extended period (by 6 months) and subjects with various health problems, except for malignant tumor, were included in the present study. All subjects were ambulatory and did not require immediate hospitalization. Written informed consent was obtained from each subject. The study protocol was approved by the institutional review board.
Measurements
The subjects participated in the medical examination in the morning after fasting overnight. A medical history was taken and a physical examination was conducted. Venous blood samples were obtained between 09.00 and 10.00 h. Height, body weight, WC and hip circumference were measured and WHR was calculated. BMI was calculated by dividing the body weight (in kilograms) by the square of height (in meters). Blood pressure was measured by a mercury sphygmomanometer in the sitting position after the subjects had been quietly seated for more than 5 min. Blood pressure measurements were performed two times at an interval of at least 10 min, and an average value was obtained for each subject. 28 The cut-off point of each variable was determined by the point where the value of sensitivity was equal to that of specificity. For each cut-off point, sensitivity, specificity, and positive and negative predictive values for detecting a given risk factor were obtained. The overall performance of each ROC curve was evaluated by calculating the area under the curve (AUC), which describes the probability that a test will correctly identify subjects with a disorder.
McNemer's w 2 test was used to evaluate whether there is a significant difference in any of the two measures for obesity to discriminate accurately between subjects with and without risk factors. This was performed by comparing the distribution of true positives and negatives with that of false positives and negatives between two indices for obesity. For each index of obesity, logistic regression analysis was conducted to obtain odds ratios of having the risk factors in obese subjects determined by the cut-off point. In this analysis, adjustment was made for the other indices of obesity in continuous values, age, current smoking, alcohol
Upper body obesity and cardiovascular risk factors H Ito et al consumption (none; less than 200 ml per week; 200 ml or more per week), regular exercise for more than 1 y (sedentary; 1 or 2 days per week; 3 or more days per week) and, for females, menopause.
Results
Characteristics of the subjects are shown in Table 1 . Variables of obesity and cardiovascular risk factors were larger in males than in females except for %FM, body fat mass, FM trunk , FM legs , total cholesterol and HDL-C. The prevalence of each cardiovascular risk factor was also higher in males.
ROC curve analysis was conducted to examine which index of obesity was the best for detecting hypertension, dyslipidemia and diabetes mellitus. Among the indices of obesity, either WHR or FM trunk /FM legs showed the highest AUC ( Table  2) . The values for AUC tended to be higher in females than in males, except for dyslipidemia. The cut-off points of the variables to detect the risk factors were determined as the point of intersection of the curves for sensitivity and specificity ( Upper body obesity and cardiovascular risk factors H Ito et al the increased risk of having the cardiovascular risk factors (Table 4) . For hypertension, odds ratios for BMI and WHR were significant in females and males, respectively. For dyslipidemia, odds ratios of indices obtained from DXA were significant. Indices related to fat distribution tended to show higher and significant odds ratios for diabetes mellitus and having two or more risk factors.
Discussion
Although DXA provides useful information on fat distribution as well as overall adiposity, there are only a few studies that used DXA to examine the relation between obesity and cardiovascular risk factors in a large population. 15 Upper body obesity and cardiovascular risk factors H Ito et al confirms the usefulness and advantage of anthropometry, which is more simple and less expensive than DXA.
15,17-21
The cut-off points of anthropometric variables for detecting risk factors were lower than those recommended by WHO.
1 WHO recommended BMIs of 25 and 30 kg/m 2 as cutoff points for overweight and obesity, respectively. In our population, the specificity of these values to predict risk factors was more than 75%, but the sensitivity was less than 50%. The cut-off points of WC (action level I) and WHR set by WHO were 94 cm and 1.0 for males and 80 cm and 0.85 for females, respectively. The specificity of these cut-off points for predicting risk factors was more than 85%, with a sensitivity of less than 20% for males and less than 45% for females. Accordingly, it is suggested that the WHO cut-off points may not be sufficiently sensitive and accurate for detecting cardiovascular risk factors in the Japanese individual. The cut-off points of anthropometric variables determined in the present study were similar to those for Hong Kong Chinese, 20 indicating that lower cut-off points should be set for Asians.
To our knowledge, cut-off points for predicting cardiovascular risk factors have not been investigated so far for indices of obesity obtained by 'directly' measuring body fat mass. Since obesity is a condition with excessive fat accumulation in the body, and methods measuring the body composition are expected to be more widely used in the future, it is important to determine and validate the cut-off points of these variables for formulating effective strategies of health promotion and comparing the risk of obesity in populations with different racial and cultural backgrounds.
The cut-off points for the three cardiovascular risk factors fell within a relatively narrow range for each measure of obesity, which suggests that the prevalence of each of these risk factors increases similarly as the level of obesity becomes higher. In some subjects, two or more risk factors may develop simultaneously leading to a clustering of risk factors, which is speculated from similar cut-off points of having two or more risk factors compared with those of having one of the risk factors. Higher cut-off points of %FM and FM trunk for females compared with males and higher cut-off points of WC, WHR and FM trunk /FM legs for males compared with females indicate sex-specific relations between obesity and cardiovascular risk factors. 11, 15, 18, 20, 21 There are several limitations in the present study. First, the study subjects voluntarily attended a health check-up and were not selected randomly. This may have resulted in different characteristics of the study population compared with the general population, although our study population showed a similar distribution of BMI as in the National Nutrition Survey. 8 The prevalence of hypercholesterolemia (10-20%) in the general population was similar to that in the study population (males 15%, females 22%), whereas the prevalance of hypertension (40-50%) and diabetes mellitus (10%) in the general population tended to be higher compared with the study population. [30] [31] [32] Second, considering the age-specific changes in body compositon in our subjects 8 , the cut-off points for the risk factors may be different among different age groups, 29 which should be examined in the future. Finally, the WHO cut-off points were defined according to the risk of cardiovascular morbidity and mortality, while data on morbidity and mortality were not available in the present study. The WHO cut-off points were in good agreement with those reported in the Canadian Heart Health Surveys, indicating the usefulness of the cut-off points for detecting cardiovascular risk factors at least in Caucasian populations. 29 Further study is necessary to determine whether the cut-off points determined in the present study are applicable when the risk of cardiovascular morbidity and mortality is taken into consideration.
In conclusion, the cut-off points of anthropometric variables for detecting cardiovascular risk factors in the Japanese were lower than the WHO criteria, but were in good accordance with those reported for Asians. Indices for fat distribution, WHR and FM trunk /FM legs , were related to cardiovascular risk factors more accurately than those for overall adiposity. The accuracy of detecting the risk factors was comparable between the anthropometric indices and indices obtained by DXA. Whether the cutoff points are truly related to the cardiovascular risk factors should be further examined in a longitudinal study. Upper body obesity and cardiovascular risk factors H Ito et al
